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(54) New amphetamine derivatives, antibodies against them and pharmaceutical compositions 
containing them 



(57) Hapten-oarrier conjugates capable of eliciting 
anti-haplen antibodies in vivo to amphetamines are dis- 
closed. Methods of preparing the hapten-carrier conju- 
gates and therapeutic compositions are aiso disclosed, 
A therapeutic composition containing the hapten-carrier 
conjugate is useful in the treatment of addiction to am- 



phetamines. Passive immunization using antibodies 
raised against conjugates of the instant Invention also 
is disclosed. The therapeutic composition is suitable for 
co-therapy with other conventional drugs for treatment 
of amphetamine abuse. 
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Description 

Technical Field 

5 [0001] The present invention relates to nnethods and compositions for treatment of amphetannlne abuse using either 
amphetanrrine-hapten conjugates direclly to elicit antibody production in an abuser or indirectly by using ihem to prepare 

therapeutic antibodies which can be used for treatment. The invention Is exemplified by preparation of antibodies that 
react with two or more amphetamine derivatives, including ecstasy as one of the derivatives. 

Background 

[0002] The abuse of amphetamines is steadily increasing (Karch, et al. J Forensic Scl 1999; 44:359-368). Several 
products are used including methamphetamlne (MA), 3,4-methylenedioxymGthamphetamlne (MDMA; ecstasy); and 
3,4-methylene-dioxyethamphetamme (MDEA, "eve"), but new products continue to appear, most of which exhibit both 

fS acute and chronic toxicity (Elliott SP. J Anal Toxicol 2000 Mari24:85-89; Portion AJ; Lock E. Torensic Sci Int 1 999;1 00: 
221-233; Felgate, et al., J Anal Toxicol 1998, 22: 169-172). However, methamphetamlne is used considerably less 
often than ecstasy. Furthermore other derivatives are also used and mixtures of amphetamines are frequently found 
in the formulations that are abused. In addition pharmacokinetic interactions with some other products can lead to an 
enhanced toxicity of the abused substance(s). 

20 [0003] At presentthere Is no specific treatmentlor intoxication with amphetamine derivatives. It therefore is of interest 
to develop monoclonal and polyclonal antibodies that display a sufficient cross reactivity against the main ampheta- 
mines of abuse and, in particular, against MDMA ecstasy, particularly neutralizing antibodies against methampheta- 
mlne, ecstasy and other amphetamine derivatives. These broad specific antibodies would be of significant therapeutic 
value in the emergency treatment of drug abuse. 

25 

Relevant Literature 

[0004] Antibodies against amphetamines have been produced using several different antigens. See for example 
Burgess C, et aL; Eur Psychiatry 2000; 1 5(5) :2B7-294; 5,976,812: and Huber et al; USPN 5,470,997. The antibodies 

30 described generally are directed against amphetamine and methamphetamlne (see for example, USPN 5,135,863: 
HIramatsu et al., Pharmacol Blochem Behav 1989; 33:343-347; K,A.A Bymes-Blake, et al.. International Immunop- 
harmacology 1 , 2001 , 329-338; S. Inayama, et ak, Chem Pharni Bull 28, 1980, 2779; S, Inayama, et al., Chem Phamn 
Bull 1 977 35 838; K. Aoki, Y. Kurolwa, J. Phann Dyn 1 983, 6, 33-38). In most cases the antibodies obtained are highly 
specific antibodies for a single amphetamine and are used for analytical purposes either to detect the presence of a 

3s particular amphetamine and/or to distinguish among different amphetamine derivatives, 

SUMMARY 

[0005] Novel compositions based on amphetamine and derivatives of amphetamine, and their use for treaUnent of 
40 substance abuse are provided. The compositions include new OTiphetamine derivatives as well as Immunoglobulins 
or immunoglobulin fragments or chains which specifically bind to at least two analogs of amphetamine, one of which 
is ecstasy 4-methylthio-amphetamlne, metamphetamine, or N-ethy [amphetamine. For polyclonal and monoclonal an- 
tibody production, animals are Immunized with antigens comprising linking groups bonded to the aromatic group or to 
a side chain of the amphetamine derivative for conjugation to a carrier protein. B cells from an Hnmunized host can be 
45 used to prepare hybridomas which produce monoclonal antibodies to amphetamine and derivatives of amphetamine 
or nucleic acid encoding heavy and/or light chains of the monoclonal antibodies can be isolated and used to prepare 
recombinant immunoglobulins, fragments or chains in a host cell, which may be prokaryotic or eukaryotic . The poly- 
clonal and monoclonal antibodies find use In detection assays for amphetamine and its analogs, for treatment of an 
overdose of an amphetamine, and In amphetamine detoxification, as well as prevention of abuse and/or overdose via 
so immunization with an amphetamine derivative-protein conjugate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] 

55 

Figure 1 shows the synthesis of compounds of fonnula II. 
Figure 2 shows synthesis of compounds of formula IMa and lllb. 
Figure 3 shows an alternative synthesis of compounds of formula ilib. 
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Figure 4 shows results from cross reactivity analyses of murine monoclonal antibodies raised against Met1 with 
human plasma proteins (gei 10%). 

BRIEF DESCRfPTION OF THE SPECIFIC EMBODIMENTS 

5 

[0007] In accordance with the subject invention compounds are provided which are derivatives of amphetamine. The 
compounds find us© as rntermediates for the production of immunogens or as the immunogens when coupled to an 
antigenic protein, such as tetanus toxoid toxin or keyhole limpet hemocyanin (KLH) via either the aromatic ring or a 
side chain of the amphetamine derivatives. Preferably the linking groups are bound to the aromatic group or to a side 

10 chain of the amphetamine derivative at a position so that antibodies are produced against amphetamines substituted 
on the aromatic ring. Animals, Inciuding humans for treatment and/or inhibition of the effects of drug abuse, are immu- 
nized for the production of antlsera containing antibodies which specifically bind to analogs of amphetamine, preferably 
at least two analogs, including ecstasy, 4-methyithioamphetamine, metamphetamtne, or N-ethylamphetamine. B cells 
from the immunized animal host can be used to produce hybridomas which produce monoclonal antibodies having the 

15 same specificity spectrum. Recombinant mnmunoglobulin fight chain and/or heavy chains and functional fragments 
thereof can be made recombinantly by isolating nucleic acid encoding the monoclonal antibody light and heavy chains 
or functional portions thereof and expressing it in a prokaryotrc host ceil such as E. coll or a eukaryotic host cell such 
as a yeast or mammalian cell. The recombinant antibodies can include alterations in the amino acid sequence to 
provide for desired characteristics, for example changes can be made in the variable region to provide Improved antigen 

20 binding characteristics. Hybrid antibodies also can be prepared that recognize two antigens simultaneously By "hybrid 
antibodies" is intended antibodies in which one pair of heavy and light chains is homologousto antibodies raised against 
one antigen while the other pair is homologous to those raised against another antigen. Preferably, the antibodies 
produced and/or administered tor use in treating an overdose of an amphetamine, in amphetamine detoxification, and 
in preventing abuse and/or overdose, are neutralizing antibodies. As used herein, the term antibody refers to entire 

25 antibody molecules comprising both heavy and light chains, but also to any fragment of said antibody such as (Fab)2, 
Fab, FvfragmentsandScFvfragments that retain Ihe desired specificity of binding to amphetamines and amphetamine 
derivatives. As used herein, the temn" neutralizing when referring to antibodies, means that such antibodies bind to 
amphetamine or amphetamine derivatives, mainly amphetamine metabolites, found in body fluids of subjects consum- 
ing amphetamines to prevent binding of the amphetamine to cellular receptors. Preferably, the antibodies have a suf- 

30 ficient affinity for amphetamines that they can remove receptor bound ligands, amphetamine or amphetamine deriva- 
tives, from their receptor, when the ligands are bound to the receptor. 

[0008] in one embodiment, new compounds are obtained that can induce specific antibodies directed against am- 
phetamine derivatives, when coupled to an appropriate carrier and administrated to an animal. The present invention 
preferabjy relates to (S)-enantlomer compounds and antibodies to these compounds, wherein the (S)-enantlomerB 
35 have the formula (I) 



40 



45 




wherein, 

and R3 are selected from the group consisting of hydrogen, and O^-O^ afkyi, 
Rq 's selected from the group consisting of hydrogen, a C-j-Cg alkyi and a polymethylene chain: -(CH2)n-COOH 
where n is an Integer between 1 and 6, 

R4, Rg and R7, identical or different, are selected from the group consisting of hydrogen, halogen, -OR9 and -SR9 
wherein R9 Is hydrogen or a C^-Cg alkyl. 
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Rs is selected from the group consisting of hydrogen, a pofymethylene chain: -(CI-!2)n,-R-io and an oxy-polymeth- 
yiene chain : -O-(CH2)m-Ri0' wherein -R^q is selected from the group consisting of carboxyl, thiol, and 
-CONHRiaSH, and -CONHR13SH, R-,3 being selected from the group consisting of'CH(COOH)CH2- and-(CH2V 
where m is an integer between 1 and 4 with the proviso that when Is hydrogen and R2 is a methyJ or when 
is a methyl and is hydrogen, then Rg is not a polymethylene chain: -(CH2)m-COOH. 

[0009] Preferred embodiments of the invention are compounds of formula (11) 



R7 R1 



15 




(CH2)n-COOH 



20 

wherein, 

R^, R3, R4, R5, Rg and R7 have the same meaning as described above, and 

^5 wherein n is an integer between 1 and 6. 

10010] Yet more preferred embodiments of the Invention are connpounds of formulas (Ilia) 



30 



35 




wherein, R^, Rg, fi^, R4, R5, R^ and Ry have the same meaning as described above; 
- R11 Is selected from among a polymethylene chain: 

-{CH2)m- and an oxy-poly methylene chain: -0(CH2)m- and m is an integer between 1 and 4, with the proviso that when 
45 R^ is a methyl, then R^^ is not a polymethylene chain: -(CH2)pn-' 

£0011] Other preferred embodiments of the invention are compounds having formula (lltb) 



30 



55 
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5 



10 




wherefn,- R^, Rg, R3, R4, Rg, and have the same meaning as described above, and R^2 selected from from the 
group consisting of a poly methylene chain: -(CH2)^CONHRi3 and an oxy-poiymethylene chain: -0(CH2)mCONHRi3, 
R-13 and m ha« the same meaning as described above. 

[0012] Compounds of fomiulas Ilia and lllb bear a chain suitable for linkage bonded to the aromatic group of the 
amphetamine. This linkage is most preferably bonded by means of an oxygen atom so that the antibodies produced 
against an immunogen bearing such a compound can neutralize amphetamines substituted on the aromatic ring with 
heteroatoms (e.g.. ecstasy, 4-methoxyamphetamlne and 4-methylthioamphetamine.) 

Panicuiariy preferred embodiments of the Invention are compounds of fomiula (IV), (V), (VI) and (VII). Compound Vlf 
also is refeired to as Wf ET1 . 



30 



35 



40 



45 
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5 




(CH2)5COOH 



to 



(VI) 



15 



20 




OH 



{VII) 



25 



[001 3] Another object of the Invention is a method to prepare these new amphetamine derivatives. Synthesis of the 
connpounds has been achieved by introducing spacers at two different positions of the amphetaminte skeleton. 
[0014] Typicafiy, such a method, as illustrated in Figure 1, comprises the following steps: 

30 (a) Alkytation of a methamphetamlne derivative having the formula (IX), wherein R^, R3, R5, Rg, and R7 have 

the same meaning as described above, by addition of Br(CH2)nCOOBn, where n is an integer between 1 and 6, 
In an appropriate solvent, to obtain an addition product of fomiula (X), wherein R-j, R3, R4, R5, Rg, and R7 have 
the same meaning as described above and n has the same value as described above, 
(b) Hydrogenatlon of said addl^on pratiuct of formula (X) to obtain a compour^d of fomnula (II), 

35 

[0015] Also the Invention relates to a method to prepare compounds having formula (Ilia), as illustrated in Figure 2, 
comprising the following steps: 

(a) condensation of the aldehyde derivative having formula (XI) wherein R3, R4, Rg and R7 have the same means 
40 as previously defined with CH3CH2-NO2 to obtain the nitrostyrene derivative of formula (XII); 

(b) reduction of the nitrostyrene derivative (XII) into the amphetamine derivative (XIM); 

(c) alkylation of the primary amine of the compound (XIII) leading to the formation of compound (XIV); 

(d) protection of the amine group of compound (XIII) or compound (XIV) by acylatlon with ditertbutyidicarbonate 
to obtain the protected derivative (XV); 

45 (e) rKTtovai of the benzyl group of compound (XV) by hydrogenatlon using Pd/C as catalyst leading to the formation 

of compound (XVI); 

(f) alkylation of the phenol groups of compound (XVl) by reaction with benzyibromoalkylcarboxytate to obtain the 
benzylester compound (XVIl); 

(g) catalytic hydrogenatlon of compound (XVII) to afford to the carboxyllc derivative (XVIll); and 

50 (h) deprotection of the amino group of compound (XVlll) by reaction with TFA, followed by separation of both 

enantiomers obtained on achiral HPLC column to obtain a compound of formula (lila). 

[001 6] Also the invention relates to a method to prepare compounds having formula (illb), as illustrated In Figure 2, 
comprising the following steps: 

55 



(a) Condensation of the aldehyde derivative having formula (Xl) wherein R3, R4. Rg and R7 are as previously 
defined with CH3CH2-NO2 to obtain the nitrostyrene derivative of formula (Xll); 

(b) reduction of the nitrostyrene derivative (Xll) into the amphetamine derivative (XIII); 



6 



BNSDOCiD: <EP 1331219A1 J_> 



EP 1 331 219 A1 



(c) alkyfation of the primary amine of the compound {XII I) leading to the fornnalion of compound (XIV); 

(d) protection of the amine group of compound (Xill) or compound (XIV) by acylatlon with drtertbutyldicarbonate 
to obtain the protected derivative (XV); 

(e) removal of the benzyl group of compound (XV) by hydrogenatron using Pd/C as catalyst leading to theformation 
of compound (XVI); 

(f) alkylation of the phenol groups of compound (XVI) by reaction with benzyl bromoalkyicarboxy late io obtain the 

benzylesler compound (XV!!); 

(g) catalytic hydrogenation of compound (XVII) to produce the carboxylic derivative (XVIIf); 

(h) acylation of (R)-Cysteine derivative, (R)H-cys(Otrt)-NH2, by (XVIM) using coupling agents (DCC, HOBt) followed 
by separation of the obtained diastereo isomer mixture by chromatography on a silica gel column to obtain Ihe S- 
isomer (XIX); and 

(I) elimination of the acid-sensitive protecting groups, Iriptienylmethyl and BOC of compound (XIX), by Trifluoro- 
acetic acid (TFA) leading to the compound (Ifib). 

[0017] fn order to accomplish acylation step (c) for both above methods, two reaction sequences were found to be 
efficient: 



(a) alkylation of the amine (XIII) with triffuoro acetic anhydride followed by alkylation of the obtained trifluoroaceta- 
mide with an afkyj haHde (e.g.: methyliodide), followed by removal of the trifluorDacetyl group in basic medium or 
20 (b) alkylation of the amine (XIII) with an acid anhydride (e.g.: fomnylacety! mixed anhydride, Acetic anhydride) 

followed by the reduction of the amide by lithium aluminium hydride. 

[0018] Another alternative method to prepare compounds of formula (DIa), as illustrated in Figure 3, comprises the 
following steps: 

25 

(a) reduction of the tyrosine ester derivative of formuia (XXII) to obtain the alcoiiol derivative of formula {XXI 11), 

(b) alkylation of compound (XXIH) to obtain the compound of formula (XXIV), 

(c) removal of the benzyl group of compound (XXIV) by hydrogenation using Pd/C as catalyst leading to the for- 
mation of the phenol derivative of formula (XXV), 

30 (d) acylation of the phenol group of compound (XXV) by benzylbromoafkyicarboxylate leading to the fomiation of 

the ester derivative (XXVI). 

(e) cataiytic hydrogenation of compound (XXVI) to obtain the compound (Ilia). 

[0019] ^Another aspect of the invention relates to immunogens bearing compounds of the Invention for eliciting an 

35 Immune response, when provided to an animal, immunogens of the invention are obtained by covalent coupling of the 
compounds of the invention with an appropriate carrier by using coupling agents and reactions well known by those 
skilled on the art. The carrier used to prepare an immunogen Is a molecule containing at least one T cell epitope which 
is capable of stimulating the T cells of the mammal to be Immunized. Preferably, the earner, like the hapten, should be 
sufficiently foreign to elicit a strong immune response to the vaccine and to avoid the phenomenon of carrier-Induced 

40 epitope suppression. It therefore Is preferable to use as a can-ier a molecule to which the intended recipient has not 
been exposed. Suitable carrier molecules include bacterial toxins or products, for example, cholera toxin B-(CTB), 
diphtheria toxin, tetanus toxoid, and pertussis toxin and filamentous hemagglutinin, Shiga toxin, and Pseudomonas 
exotoxin; lectins such as the ricin-B subunit, abrin and sweet pea lectin; viral proteins such as retrovirus nucleoprotein 
(retro NP), rabies ribonuclsoprotein (rabies RNP), plant viruses (e,g. TMV, cow pea and cauliflower mosaic vimses). 

^ vesicular stomatitis virus-nucleocapsid protein (VSV-N), poxvinjs vectors and Semliki forest virus vectors; and malarial 
protein antigen and peptldic fragments of any of the above. In countries where standard childhood Immunizations 
include diphtheria and tetanus, proteins such as tetanus toxoid and diphtheria toxoid, if unmodified, may be less de- 
sirable as appropriate carriers for immunogens for use in humans. Likewise, bovine serum albumin would be less 
desirable as a carrier for immunization of humans in regions where beef is Included in the diet of most humans. Still 

5P further, it is highly advantageous if the carrier has inherent immunogen icity/adjuvanticity and/or Is capable of eliciting 
both a systemic response and response at the site of amphetamine exposure, 

[0020] Amphetamines generally are taken orally so a pretended carrier elicits not only a systemic response but also 
a pre-existing mucosal antibody response. In such a mucosal response the reaction of antibodies with amphetamine 
happens rapidly enough to counteract the drug before It begins circulating in the blood stream. One such ideal carrier 
ss is cholera toxin B (CTB), a highly immunogenic protein subunit capable of stimulating strong systemic and mucosal 
antibody responses. The B subunit of cholera toxin also can serve both as a targetting molecule for the hapten for U 
cells in the intestinal lining. CTB has already been shown to be safe for human use in clinical trials for cholera vaccines 
(Holmgren et a!., (1994) Am. J, Trop. Med. Hyg, 50: 42-54; Jertborn et al. (1994) Vaccine 12:1078-1082; "The Jordan 
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Report, Accelerated Development of Vaccrnes" 1 993., N! AID, 1 993) . Other useful carriers that can enhance a mucosal 

response, include the LTB family of bacteria! toxins^ retrovirus nucleoprotein (retro NP), rabies ribonucleoprotein (rabies 
RNP), vesicular stomatitis virus-nucleocapsid protein (VSV-N), recombinant pox virus subunits, and multiantigenic 
peptides (MAP). 

Coupling reactions between carrier and compounds of the invention can be performed using well known reactions 
between primary amines, carboxylic and Ihtol groups such as mixed anhydride method, carbodilmide, etc. Generally, 
the coupling step Involves the dehydralive coupling of a free carboxyl of one reaclant with the free amino group of the 
other rsactant in the presence of a coupling agent to form a linking amide bond. Coupling can be obtained commercially, 
for example, from Pierce Chemical Company USA. Examples of suilable coupling agents include carbodiimide or N, 
N'-dicyclohexylcarbodiimide, 1 -hydroxybenzotriazote in the presence of N.N'-dicyclohexylcarbodiimlde or N- 
ethyl-N'-[(3-dlmethylamino)propyl]carbodiimlde. A practical coupling agent is tiie commercially available (benzotrlazol- 
1-yloxy)tris-(dimethylamino)phosphonium hexafluorophosphate, either by itself or in the presence of 1 -hydroxybenzo- 
triazole. Other coupling agents that find use with the subject invention and are commercially available include 2-(1H- 
benzotrla20i-1-yl)-N, N, N*. N'-tetramethyluronium tetrafluoroborate and 0-(7-azab6nzotriazoi-1-yl)-N,N,N',N''t©tram- 
ethyluronlLim hexafluorophosphate. Typically, coupling reactions are conducted In an Inert solvent such as dichlo- 
romethane, acetonrlrile or drmethylform amide. An excess of a tertiary amino, e.g. dilsopropylethylamlno, N-methylmor- 
pholine orN-methylpyrrolidine, is added to maintain the reaction mixture at a pH of about 8. The reaction temperature 
usually ranges between 0° and 50=" C. The reaction time usually ranges between 15 min and 24 h. These coupling 
reactions can be performed In either a liquid or a solid phase. 

[0021] The invention also concerns immunogens having the fomnuia 11 (see below) coupled to a carrier. These im- 
munogens may be prepared, for example, by linking a compound of formula II, wherein R2 of formula 11 is 
-(CH2)n'COOH to a carrier with the carbodiimide method. 1 -Ethyl-3-(3-dimethylaminopropyl) carbodiimide), reacts with 
a carboxylic group, allowing it to be coupled to the amino group in the reaction mixture. The carbodiimide method thus 
activates the side chain carboxylic group so that reacts with primary amines on the carrier. The activated compound 
is mixed witii a carrier protein such as, for exam pie, cholera toxin Bsubunit, to produce the final conjugate. Descriptions 
of the carbodiimide method and other coupling agents and methods may be found in, for example, M. Bodanszky^ 
"Peptide Chemistry", 2"^ ed., Springer-Verlag, Berlin, C^rmany, (1993), Examples of earner bound immunogens are 
shown below, Immunogens of formula 11: 



40 




CARRIER 



Tl 



45 



wherein R-|, R3, R4, R5, Rg and Rj are as described previously, n Is an Integer between 1 and 6j and p is an 
Integer between 1 and 6; Immunogens of formula 12: 



so 



55 



CARRIER 




wherein R^, R^, R3, R4, Rg, R7 and R^^ are as described previously and; Immunogens of formula 13: 
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CARRIER 




R2 



R4 



13 



wherein R^, R^, R3, R4, Rq, R7 and R-j^ are as described above, 
[0022] Another object of the present invention is the use of immunogens such as 11 J2 and 13 for the production of 
monoclonal and polyclonal antibodies that specifically recognize amphetamine derivatives. Another aspect of the 
present invention reiatesto antibodies that can neutralize amphetamine or amphetamine reiated drugs after their abuse 
by users of these drugs. Thus, the present invention offers a new ther^eutic approach for treating prophylactlcaliy 
amphetam'rne addiction in particular In the fomn of an amphetamrne-related immunogen that can be used to elicit an 
Immune response leading to production of anti-amphetamine antibodies by the abuser, which in case of drug intake 
can neutralize the amphetamines Ingested and thereby reduce or suppress the pharmacologic effects of the abused 
drug. 

[0023] A main object of the Invention then is to provide new pharmaceutical compositions useful for treating amphet- 
amine abuse. The invention relates to pharmaceutical compositions comprising at least one ^phetamine-related 
Immunogen of the Invention to prepare a vaccine for the treatment and/or prevention of amphetamine abuse patholo- 
gies, The^dminlstration to a patient, suffering from amphetamine abuse, of a pharmaceutical composition, comprising 
the amphetamine-related immunogens of the invention leads to the development of a passive Immunization with the 
induction of human specific antibodies that neutralize the related drugs. Therapeutic compositions of the invention 
include compositions containing an amphetamine related Immunogen in a pharmaceutlcaUy acceptable fonnulatlon 
such as a saline solution at concentrations between about 1 and 1 00 mg/mL. preferably between about 10 and 60mg/L. 
[0024] The Invention relates also to antibodies that neutralize amphetamines of abuse such as ecstasy and meth- 
amphetamine and more particuiariy to antibodies that neutralize more than one amphetamine or amphetamine deriv- 
ative simultaneously. 

[00251 Preferably the Invention relates to antibodies having an affinity Tor at least one of the immunogens of the 
Invention, most preferably for at lest two Immunogens. 

[0026| Preferably the ^tlliodies have an affnity constant (Ka) for amphetamine or its structural analogs of at least 
lO^M preferably of at least ■lO^M-"^ and most preferably of about 1 0^^M"'' when measured against compounds of the 
invention. 

[0O271 The present invention refers also to hybridomas producing and preferably secreting immunogiobulins, pref- 
erably murine mainly IgG class immunoglobulins, directed against methamphetamlne and its structural analogs. Pre- 
ferred antbodies are murine monoclonal antibodies obtained by fusion between mouse spienocytes, from mice previ- 
ously immunized with the above described immunogens, and murine myeloma cells, for example SP20/Ag-14 ceils. 
After fusion, murine hybridomas are obtained and specifically selected based upon their capacity to produce and se- 
crete murine Immunoglobulins, mainly IgG class immunogiobulins, directed against methamphetamlne and Its struc- 
tural analogs. Preferred antibodies also are monoclonal antibodies that can neutralize at least two different ampheta- 
mine-derivatives, preferably methamphetamlne and ecstasy simultaneously. Particular preferred monoclonai antibod- 
ies of the invention are DASM243-6H5D1C4 and DASM243-3A1 0A6A2. Preferred murine hybridomas are murine 
clones producing and secreting monoclonal antibodies DASM243-6H5D1 C4 and DASM243-3A1 0A6A2. The most pre- 
ferred hybrldoma is: DASM243-646D1C4 having accession number CNCM 1-2760. Hybridoma technology to create 
"monoclonal" antibodies is well known to those of skill In the art (Kohler, et al., Eur. J. Immunol., 6:511 (1 976)). In this 
process, spienocytes or lymphocytes from an animal which has been injected with antigen are fused with a tumor cell 
line, thus producing hybrid cells or "hybridomas" which are both Immortal and capable of producing the genetically 
coded antibody of the B cell. The hybrids thus formed are segregated into single genetic strains by selection, dilution, 
and regrowth, and each strain thus represents a single genetic line. They therefore produce Immunoreactlve homo- 
geneous antibodies against a desired antigen. Hybrldoma technology generally uses fusion of murine lines, but human- 
human hybridomas (Olsson, L. et aL, Proc. Natl. Acad. Sci. (USA), 77: 5429 (1980)); human-murine hybridomas (Sch- 
lom. J., et aL (Ibid) 77: 6841 (1980)) and several other xenogenrc hybrid combinations also been reported. 
[0028] Antibodies also can be prepared by recombinant means. Messenger RNA coding for a heavy or a light chain 
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is fsolated from a suitable source, such as mature B cells or a hybridoma cufture making antibodies of the desired 
specificity using standard tecliniques of RNA isolation, and the use of olrgo-dTcetlulose chromatography to segregate 
the poly-A mRNA. The poiy-A mRNA may be fractionated to obtain sequences of sufficient size to code for the amino 
acid sequences in the light or heavy chain of the desired antibody. A cDNA library is then prepared from the mixture 

5 of m RNA using a suitable primer, preferably a nucleic acid sequence which is characteristic of the desired cDNA. Such 
a primer may be iiypothesized and synthesized based on the amino acid sequence of the antibody if tlie sequence is 
l<nown. In the alternative, cDNAfrom unfractEonaled poty-A mRNA from a ce[l line producing the desired antibody or 
poly-cfT also can be used . Cloning vectors containing the resulting cDNA are prepared and used to transform a suitable 
host cell strain, typically E. coll. Successful transformants are identified by means of, for example, tetracycline reslst- 

io ance or other phenotypic characteristic residing on the cloning vector plasmid. The transformant cultures are then 
probed with suitable nucleotide sequences containing bases Icnown to be complementary to desired sequences in the 
cDNA. Plasmids fronn clones which successfully hybridize are isolated and sequenced by means known in the art to 
verify that the desired portions of the gene are present. The desired gene fragments are excised and tailored to assure 
appropriate reading frame with the control segments when inserted into suitable expression vectors. The tailored gens 

15 sequence is then positioned in a vector which contains a promoter in reading frame with the gene and compatible with 
the proposed host cell. A number of plasmids which already contain the appropriate promoters, control sequences, 
ribosome binding sites, and transcription termination sites, as well as convenient markers are known to those of skin 
in the art. 

[0029] The genes also may be tailored to produce modified antibodies. For example, a mammalian heavy dna\n may 

20 not be derived entirely from asingle source orsingi© species, but portions of a sequence can be recovered from differing 
pools of mRNA, such as murine-murine hybrldomas, human-murine hybridomas, or B ceils differentiated in response 
to a series of antigen challenges. The desired portions of the sequences in each case can be recovered using the 
probe and analysis techniques described above, and recombined in an expression vector. Such chimeric chains can 
be constructed of any desired ienglh; hence, for example, a complete heavy chain can be constructed, or only a se- 

25 quenoe for the Fab region thereof. Composite antibodies also can be prepared. For example, in order to make an anti- 
methamphetamlne fight chain/anti-ocstasy heavy chain composite antibody, a suitable source for the mRNA used as 
a template for the light chain clone comprises an antl-methamphetamine producing cell line. The mRNA corresponding 
to the heavy chain is derived from B cells raised in response to ecstasy or from an anti-ecstasy producing hybridoma. 
[0030] For construction of chimeric antibodies in which for example, the variable sequences are separately derived 

30 from the constant sequences, desired portions of the genes encoding for parts of the heavy and light chains from 
suitable, differing, sources are recovered and then ligated to reconstnjct the gene coding for each chain. For example, 
portions of the heavy chain gene and of the light chain gene which encode the variable sequences of antibodies pro- 
duced by a murine hybridoma culture are cloned and gene fragments encoding the constant regions of the heavy and 
light chains for human antibodies are cloned from, for example, human myeioma cells. The variable portions of the 

35 mouse gene are then ligated to the constant regions of the human gene for each of the two chains. Rather than splicing 
portions of the chaln(s), suitable amino acid alterations, deletions or additions are made using available techniques 
such as mutagenesis, to provide for desiredcharacteristics. 

[0031 ] The gene coding for the light chain andthat coding for the heavy chain can be Inserted into separate expression 
plasmids, or together in tiie same plasmid, so long as each is under suitable promoter and translation control, and 

40 used to transfomn suitable cells which are grown under conditions appropriate to the production of the desired protein. 
Such conditions are primarily mandated by the type of promoter and control systems used in the expression vector, 
rather than by the nature of the desired protein. The protein thus produced is then recovered from the cell culture by 
methods known in the art, the choice of which Is necessarily dependent on the fonm in which the protein is expressed. 
When heavy and light chains are coexpressed In the same host, the isolation procedure is designed so as to recover 

45 reconstituted antibody. This can be accomplished using methods known to those of skill in the art. 

[0032] Specific antibody fragments of the Invention such as {Fab)2, Fab, and Fv fragments, wherein the specificity 
against amphetamine and its structural analogs is conserved, can be obtained by chemical cleavage of complete 
antibodies according to well-known methods (see for example Weir (1986). Handbook of Experimental Immunology. 
4th Edition. Blackwell, Oxford. Vol. 1. Immunochemlstry). (Fab)2. Fab, Fv and ScFv fragments also can be obtained 

so by recombinant technology by ctoninggenescoding for variable regions of heavy and/or light antibody chains or portions 
of them bearing the sequences coding for antibody regions specifically recognizing amphetamines or their structural 
analogs alone or in a recombined fonn to obtain specific recombinant Fab or ScFv fragments. 
[0033] Pharmaceutical compositions of the Invention are suitable for use in a variety of delivery systems for admin- 
istration to humans, including administration parenterally, e.g.. intravenously, subcutaneously, intradermally, intraperi- 

55 toneally, or intramuscularly. The antigen formulations can also be delivered using implanted mini-pumps, which are 
well known to those skilled in the art. The compositions include formulations comprising one or more purified amphet- 
amine-hapten conjugates and/or amphetamine derivatlve-hapten conjugates as well as antibodies specific for one or 
more amphetamine and/or amphetamine derivative. The antibodies can be purified from sera from any animal rn which 
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antibodies to amphetamine and amphetamine derivatives CEkn be raised. Preferably the antibodies are humanized, 
l-lumanized antibodies may be produced in transgenic anfmalsthat produce human antibodies. Humanized antibodies 
may afso be produced by biochemical modification of nonhuman antibodies, for example, murine monoclonal antibod- 
ies, which may Include fusing the antigen-blnding or Fab portion of the murine monoclonal antibody with a non-binding 

5 or Fc region of a human antibody. Humanized antibodies generated by these and other methods retain desired antigen 
binding specifrclEy, generally wilhout causing an undesirable immune response to the antibody itself, 
[0034] Examples of pharmaceuticaiiy acceptable carriers and formulations for use with the compositions of the 
present invention are found In Remington's Pharmaceutical Sciences, Mack Publishing Company Philadelphia, PA, 
17th ed. (1 985), which is incorporated herein by reference. For methods for drug delivery, see Langer, (1990) Science 

10 249:1527-1533, which is incorporated herein by reference. For vaccine use and production, see Plotkin, et al. (eds.) 
(1999) Vaccines, 3rd edition. W.B. Saunders, Philadelphia, and Zegers, et al. (eds.) (1995) Immunological Recognition 
of Peptides in Medicine and Biology, CRC Press, Boca Raton, Florida, which reference is incorporated herein by ref- 
erence>. For mucosal vaccine delivery, see Ryan et aL, (2001) Trends BiotechnoHQ: 293-304, and Ogra, etai., (2001) 
Clin Microbiol Rev 14:430-445, which are incorporated herein by reference. For examples of adjuvants, see Gregori- 

15 adis, G., ed., (1990) immunological Adjuvants and Vaccines (NATO Asi Series A» Life Sdences, Vol 179), which is 
incorporated herein by reference. 

[0035] In preparing phamnaceutlcal compositions of the present invention, tt may be desirable to modify the compo- 
sitions of the present Invention to altertheir, innmunogenicfty and biodistrlbution. Forageneral discussion of pharma- 
cokinetics, see Remington's Pharmaceutical Sciences, supra, Chapters 37-39. A number of methods for altenng phar- 

^0 macoklnetics, immunogenlclty and blodistributlon are known to one of ordinary skill in the art {See, e.g., Langer supra, 
Gregoriadis, (1 990), supra). Examples of such methods Include protection of the agents In vesicles composed of sub- 
stances such as proteins, lipids (for example, liposomes), carbohydrates, or synthetic polymers. For example, the 
vaccines of the present Invention can be incorporated into ilposomes In order to enhance their immunogenicity and 
biodistribution characteristics. Liposomes that microencapsulate vaccine antigens, and are then polymer-coated, are 

25 useful for controlling the release rate, and hence the efficacy of parenterally and orally administered vaccines. A variety 
of methods, are available for preparing liposomes, as described in, e.g., Szoka etal, (1980) Ann. Rev. Biophys. Bioeng. 
9:467, U.S. Pat. Nos. 4,235,871, 4,501,728 and 4,837,028, all of which are incorporated herein by reference. For a 
brief review of the use of liposomes as antigen-entrapping and delivering adjuvants or immunomodulators, see Gre- 
goriadis (1999) Methods 19:156-162, and Rogers, et. aL (1 998) Crit Rev TherDrug Carrier Syst 15: 421-480, which 

30 are incorporated herein by reference. Polymeric lamellar substrate prides produced by precipitation of poiy(D,L- 
iactide}fonn a polymeric system for the adsorptfon of antigens. This procedure avoids pH changes, exposure to organic 
solvents and hence allows the integrity of the antigen to be retained. For polymeric lamellar substrate particles for 
Intranasal vaccination, see Jabbal-Glll el al (2001) Adv Drug Deliv Rev Si : 97-111, which is incorporated herein by 
reference .^:r 

35 [0036] To prepare fomiulations for injection, a solution of the composUlon is dissolved or suspended In an acceptable 
carrier, preferably an aqueous carrier. A variety of pharmaceuticaiiy acceptable aqueous carriers can be used, e.g., 
water, buffered water, 0,4% saline, 0.85% saline solution, 0.3% glycine, hyaluronic acid and the like. The conjugate 
formulations may also comprise an adjuvant to stimulate an active immune response to the antigen. Examples of 
adjuvants are welt known in the art and Inclitde, for example, aluminum hydroxide (Spectaim Chem. Mtg. Corp., New 

^0 Brunswick, N J.) or aluminum phosphate (Spectrum) .calcium phosphate, saponins, monophosphoryl lipid A, Freunds 
adjuvant^ liposomes, polymer-coated Ilposomes, polymeric lamellar substrate particles, and cytokines such as Inter- 
leukin-2. 

10037} The compositions can contain as phamiaceutically acceptable carriers, substances as required to approxi- 
mate physiological conditions, such as pH adjusting and buffering agents, tonicity adjusting agents, wetting agente 

^5 and the like, for example, sodium acetate, sodium lactate, sodium chloride, potassium chloride, caiciunn chloride, soriD- 
Itan monolaurate, triethanolamlne oisate, and the like, as well as presen/atives including, for example, thimerisol, and 
protein carriers including, for example, human serum albumin or animal sera. The compositions can be sterilized by 
conventionaL well-known sterilization techniques, including sterile filtration. The resulting aqueous solutions or sus- 
pensions can be packaged for use as is, or lyophilized, the tyophiltzed preparation being combined with a sterile solution 

50 priorto administration. For solid compositions, conventional nontoxic phamnaceutically acceptable carrierscan be used 
which Include, for example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium saccharin, 
talcum, cellulose, glucose, sucrose, magnesium carbonate, and the like. 

[0038] Oral vaccines can be prepared In several ways, for example, as aqueous solutions, suspensions, tablets, 
pills, capsules, or powders, as well as sustained release formulations such ascontrolled-release mIOTiDcapsule phar- 
os maceutical formulations for sustainable, programmable release of an antigen, including biodegradable poly(lactide/ 
glycolide) or poly(lactide. generally contain from about 10% to about 95% of the active ingredient, preferably about 
257o to about 70%.). Oral vehicles may include excipients such as, for example, mannitol, lactose, starch, magnesium 
carbonate, magnesium stearate, and sodium saccharin cellulose. Sustained or controlled release fomiulations can be 



11 



BNSDOCfD: ^EP 1331219A1 I > 



EP 1 331 219 A1 



prepared by incorporating the composition into liposomes, nonresorbable impermeable polymers such as ethylenevmyl 
acetate copolymers, swellabie polymers such as hydrogefs, or resorbable polymers such as collagen and certain poly- 
acids or polyesters. 

[0039] The oral vaccines also can be prepared as foods, including for example sugar cubes, and as edible portions 
5 of transgenic plants that have been genetically modified to express an antigen in an edible portion of the plant. The 
edible portions can be unprocessed such as fruit or vegetables, preferably raw or as products prepared from the edible 
portions. Charles Arntzen and others found that transgenic plants expressing desirable immunogens may, when in- 
gested, produce an Immune response to the Immunogens. See for example Lam, et al., {1 996) U.S. P.N. 5,484,719, 
Lam, et al., (1997) U.S.RN. 5,612,487, Arntzen. et af., (1998) U.S. P.N. 5,792,935, Arntzen, et al., (1999) U.S.RN. 
io 5,914,123. Lam, (2000) U.S.RN. 6,034,298, Arntzen, etaL, (2000) U.S. P.N, 6,136,320. Arntzen, et al.. (2001) U.S.P. 
N. 6,194,660, and Arntzen, et al, (1994) l/acc/nes 339-344). To date, vaccines have been produced in bananas, pota- 
toes, tomatoes, lettuce, rice, wheat, soybeans and corn {Langridge (2000) Scl Am 283: 66-71). 
[0040] Intranasal fomnulations generally comprise vehicles that do not cause significant irritation to the nasal mucosa 
or disturb ciliary function. Diluents may include water and saline solutions. Nasal fomnulataons may also contain pre- 
15 servatives including chlorobutanol and benzalkonium chloride. A surfactant or other penetration enhancer may be 
present to enhance absorption of the subject proteins by the nasal mucosa. See for example USPN 6,136,606; USPN 
6,077,516; USPN 6.077,514: 6.048,536; 5,932,222; and USPN 5,756,104. 

[0041] For aerosol administration, the pharmaceutical compositions are preferably supplied in finely divided form 
along with a surfactant and propellant in pharmaceutically acceptable carriers. The surfactant should be nontoxic, and 

20 preferably soluble in the propellant. Representative of such agents are the esters or partial esters of fatly acids con- 
taining from 6 to 22 cahson atoms, such as caproic, octanolc, launc, palmitic, stearic, Itnoleic, llnolenic, olesteric and 
oleic acids with an aliphatic polyhydric alcohol or its cyclic anhydride. Mixed esters, such as mixed or natural glycerides, 
can be employed. A carrier also can be included, as desired, as with, for example, lecithin for intranasal delivery. The 
formulations also can be administered In the form of suppositories. Suppositories generally include binders and carriers. 

^ including, for example, poiyaikaline glycols and triglycerides. Suppositories may be fomried from mixtures containing 
an antigen in the range of about 0,5% (w/w) to about 10% (w/w), preferably from about 1% (w/w) to about 2% (w/w). 
[0042] The present invention also relates to a method of treating a patient who Is abusing amphetamines by admin- 
istering an appropriate dose of an amphetamlne-or amphtamine-related immunogen The amount of antigen In each 
vaccine dose is selected as an amount which Induces an immunoprotoctive response without significant, adverse side 

30 effects in typical vaccinees. Such amount will vary depending on which specific Immunogens are employed. Generally 
if is expected that each dose will comprise about i-IOOOJ^g of total immunogen, preferably about 2-1 00 i^g, more pref- 
erably about 1 -40 ^g, and most preferably about 1-5 ^g. An optimal amount for a particular vaccine can be ascertained 
by standard studies involving observation of antibody titers and other responses In subjects. A primary vaccination 
course can Include 2 or 3 doses of a vaccine, given one to two months apart, however, due to genetic and other factors, 

35 an antibody response to any vaccine preparation is likely to vary between preparations and individuals. Response to 
vaccination with the anti-amphetamine or anti-amphetamine derivative conjugates is monitored to determine both short 
and long-temi vaccine efficacy, the former can be used for evaluating conjugate preparations and the latter for evalu- 
ating individuals as to their need for "booster" vaccinations. To determine antibody titer following vaccination with var- 
ious proteins conjugated with amphetamine derivatives, blood specimens from vaccinated adults are analyzed using 

40 standard techniques known to those skilled in the art such as by ELfSA. Preferably, the blood specimens include 
samples from each patient before (i.e., a negative control) and about four weeks after vaccination and subsequently 
at intervals of about 2 to 6 months. As needed, a booster vaccination can be administered. 

[0043] The compositions also can be used to provide passive immune protection against amphetamine toxicity by 
administering purified antibodies obtainable from sera from animals vaccinated with amphetamine conjugate prepa- 

^ rations. The efficacy of protection can be determined by an increase in the amount of the abused amphetamine or 
amphetamine derivative that is required to produce a physical symptom associated with abuse of amphetamine or a 
derivative thereof , such as increased blood pressure, Increased heart rate, or pupil dilation, A purified antibody formu- 
lation also can be used to treat a patient exhibiting synrptoms associated witii amphetamine abuse or amphetamine 
derivative abuse, as well as patients exhibiting symptoms associated with overdose. The dose of the antibody formu- 

so latlon provided should be an amount that Is capable of binding a sufficient amount of free amphetamine and/or am- 
phetamine derivatives to alleviate the patient's symptoms, generally an amount that binds substantially all free am- 
phetamine in the patient's blood. The antibodies can be provided by direct administration to the patient or by passing 
the patients blood through an extracorporeal device that comprises the antibodies which optionally also can include 
activated charcoaL Efficacy of treatment can be monitored by a conteractlon of symptoms associated with abuse and/ 

55 or overdose. 

[0044] The antibodies used in the formulations for both chronic and acute treatment regimens preferably bind to at 
least 2 to 4, more preferably at least 2-6 and most preferably to 2-10 amphetamines that are typically abused and 
thereby provide protection orrelief of symptoms against a wide range of amphetamines and their derivatives. Preferably 
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at least two of the analogs to which the antibodies bind are ecstasy, 4-mettiylthlo-amphetamine, metamphetamine, or 
N-ethy!amphetamlne. Also preferably, the antibodies have high afi^lnity for amphetamine compounds, preferably about 
lO^M-"' and above and more preferably about lO^iVl-i and above and have minimal affinity, preferably less than about 
10^M-^ and more preferably less than about lO^IVl-'' for biologicany inactive amphetamine metabolites. Conveniently, 

5 the formulations can be provided in single dose kits in sterile vials so that the physician may employ the vlais directly, 
where the vials will have the desired amounl and concentration of formulation. When the vials contafn the fonnulation 
for direct use, usually there will be no need for other reagents for use with the method. The subJecL compositions can 
be contained in pacl<aging material, which comprises a label indicating that the subject compositions can be used to 
treat amphetamine and amphetamine analog abuse and/or overdose in humans. 

^0 The following examples are provided by way of illustration, not limitation. 

EXAMPLES 
Example 1 

15 

Synthesis of amphetamme derivatives 

[0045] The synthesis of compounds of the invention of formula (I I) are detailed in examples hereafter described and 
illustrated In Figure 1 . The numbers refer to the steps shown in the figures. 

20 

1.1 . Chemistry 

1.1.1 . Preparation of haptens type If. 
25 1.1,1,1. Alkyiation of methamphetamine. 
Method l .-r 

[0046] DMAP (2.44 g ) was added to a solution of d-meth amphetamine 1 (Compound (IX) wherein -CH3), 
^0 Fi3=R4=:R5=R^=R7=H) purchased from Sigma (3 g) in THR BrCHgCOOBn (3.2 mL) in THF then was added drop by 
drop. The reaction mixture was stirred for 2 hours. 

(0047] The purified product 2a (Compound (X), wherein R-,- -CH3, n=1 and R3=R4=R5=Re=R7=H) was obtained by 
column chromatography using toluene/ethyl acetate as eluents. 

[0O48] The hydrogenation of the product was carried out by using Ha/Pd in a solution of ethanol. The solid obtained 
55 was recrystalllzed from isopropanol, white crystals or plates of 3a (Compound (It), wherein Ri= -CH3. n=1 and 
R3=R4=Rg-Rg=Ry=H) Were obtained. 

1.1.1 .2. Alkyiation of methamphetamine. 

40 Method 2 

[0049] A solution of Nal (0.2S2 g) and Br(CH2)5COOBn (0.5 g) in acetonitrlle 20 mL was heated at 60^C for 30 
minutes. To this solution was added K2CO3 (0.258 g) and d-meth amphetamine The mixture was then refluxed at 60*'C 
forSh. 

45 [0050] After completion of the reaction, the reaction mixture was extracted with ethyl acetate to obtain product 2b 
(Compound (X) wherein R^- CH3, n=5 and R3=R4=R5==Rg==R7=H). The reduction of product D was carried out, to obtain 
Product 3b (Compound (II), wherein R^^ -CH3. n=5 and R3=R4:=R5=Re=R7=H)(2.3 g) was isolated as an oil 
The hydrochloride was formed by anhydrous gaseous hydrochloric acid in an ether solution. 

50 1 .1 .2. Preparations of haptens type III 

[0051] The synthesis of compounds of the invention of fomriula (Hlb) are detailed in examples hereafter described 
and Illustrated in Figures 2 and 3. 

55 1.1.2.1 Synthesis of 1-benzyloxy-4-(2-nltroprop-1 -en yl) benzene 5 (Compound) (XH) wherein Bn^-CHa-CgHg, and 
R3=R4=Rg=Ry~H) . 

[0052] A solution of 4-benzyloxybenzaldehyde 4 (Compound) (XI), wherein Bn=-CH2-CeH5, and R3^R4=Re=R7^H) 
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(25 g) and ethyl enediamrne {0.5 mL) in nitroethane (125 mL) was heated to reflux for 5-6 h. On cooling, yeilow crystais 
of connpound 5 deposited and were filtered, washed with a 1 0 mL methanol, and drfed to give (24.76 g) yield 77 %, m. 
p. 143-145 °C IH NMH (CDCI3) ppm: 2.41 0(3 LXJ3H, -CH^CCHgNOs), 5.05 (s. 2H, CeHgCHgO-), 7,4 (d, 2H J=3Hz), 
6.95 (d, 2H. J=8H2) 8.00 (s, 1H. -CH^CCHaNOa). Anal. (C16H15NO3) C. H, O, N. 

5 

1.1.2.2 Synthesis of 2-(4-benzyioxy-phenyi)-1-melhyl-ethylamrne 6a (Compound) (XII i) wherein Bn=-CH2-GeH5, 
R3= R4=: Rq= R 7= H) , 

[0053J Lithium aluminum hydride (22.71 g) was placed in a three necked round bottom flask. Then anhydrous THF 
^0 was added drop by drop and the reaction was carried out In an ice bath. The 1 -berizyIoxy'4-(2-nitroprop-1 -enyl)benzene 
(24.76 g) in THF was added drop by drop; when the addition was finished, Ihe reaction mixture was stirred for one 
hour. It was then refluxed for 6 hours at 60-70*C, 

[0054] After completion of thG reaction, the reaction mixture was left to return to rt before carrying out the hydrolysis, 
to obtain compound 6a (21.13 g) yield 85.5%. ""H NMR (CDCI3) 5ppm: 1.05 (d, J=6J-\ Hz, 3H, -CH-CH3-) 1.35 (s, 2H, 
15 NHg) 2.1 (s, 2H. -CH2CH-) 2.4 (dd, 1H, CH-CH3-) 2.61 (dd, 1H, -CHg-CH-) 4,95 (CeHgCHaO-) 6.95 (d, 2H, ^8.5Hz) 

7.4 (m. H aronnatic) Anal. (Cie'^isNO) C, H, O, N. Product 6a was converted into 6b (Compound (XiV) wherein 
Bn— CHg-CgH^, R1 ^ -CH3 and R3=R^=Rg^R^=H) in 3 steps: Acyiation of 6a with trlfluoroacetic anhydride was followed 
by al[<y[ation with methyliodlde. Finally, the trifluoroacetyl group was removed in basic nnedlum. 

20 1.1 .2.3. Synthesis of compound 7 

[0055] Example of 7a (Compound (XV) wherein Bn^-CHg-CgHs, and R.,^R3=R4=Rg==R7::=H). 
[0056] Compound 6a (21 .13 g) in CH^CIa and THF and EtgN (12.2 mL) were placed in a round bottom flask and the 
reaction carried out at 0°C. The (B0C)20 (31 .3 g, 1,5eq.) in THF was then added drop by drop. After 5 h at room 
55 temperature, the solvent was evaporated and extracted with ethyl acetate and HCI {2N). The extract was dried with 
(Na2S04), and evaporated, and the residue was purified by chromatography (cyclohexane, then ethyl acetate) to give 
compound 9 {17.5g), yield 5S % ""H NMR {CDCI3) 8 ppm 1.0 (d, 3H, -CH-CH3-) 1.35 (s, 3H, -OCH3-) 3.26 (-NH-, 1H) 

2.5 (-CH2CHGH3-) 4.95 (C6H5CH2O-) 7.4 (m, H aromatic) Anal. (C2^H27N03) C, H, O, N, 

30 1.1 ,2.4 Preparation of phenols 8 by removal of benzyl group by catalytic hydrogenation of products 7. 

[0057] Example of 8a (Compound (XVI, wherein Bn=-CH2-CgH5. and R^=R3=R^=Rg::^R7==H). 
[0058] Compound 7a (17,5 g) was dissolved In ethanol and reduced under pressure using Pd-C 10% catalyst by 
passing hydrogen gas (6 bars, 23**G) After the completion of the reaction, the solution was filtered over a micropore 
3s filter. The product was isolated by evaporation of the solution to give compound 8a (11.2 g) yield 94.8 %, "'H NMR 
(CDCI3) 5 ppm: 1 .05 (d, J=:6,71 Hz, 3H, -CH-CH3-) 1 .35 (s, 9H, -OC(CH3)3) 2.5 (dd, 1 H, ^7.32 Hz) 3.27 (NH^ 1 H) 6.69 
(d, 2H, *^:8.54 Hz) 6,95 (d, 2H, *^8.54 Hz) Anal. (C^gHgiNOa) C, H, O, N 

1 .1 .2.5 Synthesis of compounds 9 by alkylatlon of B. 

40 

[0059] Example of 9a (Compound) (XVII) wherein Bn— CH2-CBH5, and R^=.R3=R4=Rg=R7=H). 

[0060] To suspension of 8a (9.48 g) and potassium carbonate (5.2 g) and methyltrioctylammonium chloride (0.5g) 

Benzyl bromacetate was added and the reaction mixture refluxed for 6 hours at 60*C, 

[0061 ] After completion of the reaction, the solvent was ev^orated and the residue extracted with ethyl acetate and 
45 water (3x20 mL). The resulting extract was dried with Na2S04^ and evaporated- The residue was purified by chroma- 
tography (toluene, then ethyl acetate) to give compound 9a (6.6 g), yield 54.3%, NMR (CDCI3) 5ppm; 1 ,05(d, J^6.71 
Hz, 3H. -CH-CH3-) and 1 .46 (s, 9H). -0C{CH3)3) 2.1 (m, 1H, -CHgCHNH-) 5.15 (s. 2H, CeHsCHgO-) 6.71 (d, 2H, J=8.54 
Hz) 

so 1.1 .2.6 Removal of benzyl group by catalytic hydrogenation 

[0062] Example of 1 0a (Compound (XVIll) wherein Bn^-CHg-CfiHs, and R^=R3=R4=Rg^R7=H). 
[0063] The compound 9a (7.6 g) was dissolved in ethanol and reduced under pressure using Pd-C 1 0% catalyst by 
passing hydrogen gas (6 bars, 23°C) After the completion of the reaction, the solution filtered over micropore filter. 
^ The product was isolated by evaporation of the solution to give compound 10a (3.6 g) yield 71 .5%. "'H NMR (CDCI3) 
I M i I I l (d, ^6.71 Hz, 3H, -CH-CH3-) 1 ,35 (s, 9H, -OC{CH3)3) 2.5 (dd, 1H, -CH2CHNH-) 3.35 (1 H, -NH-) 4.51 (s, 
2H, HOOCCH2O-) 6,75 (d. 2H, c^=8.54 Hz) 7 (d, 2H, ^8.54 Hz) 
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1.1 .2.7 Synthesis of compound 11 by acytation of a deprotected cysteine. 

[0064] Example of 12a (Compound (lllb) wherein R3=R4=rRg=R_,=H and R^2=-0-(^H2)^-CONHCONH2). 
[0065] In a round bottom flask, compound 10a {1 .6g) was dissolved in ethyl acetate; after 5 min of stirring, HOBt 
5 (0.0263 g, 1.3 equivalent) was added at O^^C then DCC (0.4 g. 1.3 equivalent) was added. Dicyclohexyl urea which 
precipitated was removed by fiitralion. 

[0066] H-Cys(Trt)-NH2, (0.5 g ) in ethyl acetate was placed in a round bottom flask, the filtrate was added and then 

triethylamine (0.25 mL) was added, 

[0067] The reaction mixture was stirred for one day and monitored by TL.C Toluene/Ethyl acetate 7/3. The solvent 
w was evaporated from the mixture and the residue in ethyl acetate was washed with an alkaline solution, 
[0068] The organic phase was collected, dried with sodfum sulphate and evaporated. 

[0069] Pure compound 11a (Compound (XIX) wherein R^=R3=R4=Rg=R^H) (0.8 g) was obtained by column chro- 
matography ustng toluene/ethyl acetate as eluent. Yield 51 % "'H NMR (CDCL3) 5 ppm: 1 .00 (d, 3H, -CH-CH3-) 2.6 (m, 
1 H, CH-CH3"), 1 A (s, 9H. -OC(CH3)3) 4.4 (s, 2H, -COCH^O-) 6.26 (d, 2H, J=.8.54), 7.2 (m, H Trt), AnaL (CasH^sNgOgS) 

^5 c, H, O, N, S. 1 .1 .2.8 Preparation of 12 by removal of Trt and BOC groups. 

[0070] Example of 12a (Compound (lilb) wherein R3=R4=R6^R7T^H and R^2 ^ -0(CH2)m-CONfHCONH2)- 
[0071] A solution of 11a (0.8 g) in 15 mL of 1:1 TFArCHgClg (15 mL) was stirred at room temperature for 3h. The 
solvents were removed in vacuo, and the resulting oily residue was washed with hexane, dissolved \r\ 1:1 methanol: 
water containing 0.1% TFA and purified by chromatography using toluene/ethyl acetate as eluent to give compound 

^0 12a 0.5 g. Yield 41% -"H f^MR (CDCI3) 6ppm: 1 .03 (d. 3H, J= 6.7 Hz). 2.3 (m. 1H. -CH2CHNH2-), 3.35 (m, 1 H. -CHN- 
HCO-) 3.75 (m, 1H, -NH CO CH2-) 4.02 (s, 2H, -COCHgO-) 6.9 (d, 2H, J= 8.54 Hz). 

Example 2 

^5 Preparation of immunogens 

[0072] Immunogens are prepared from compounds M or Ilia, llfbbycoupllngvarious numbers of compound molecules 
to a protein carrier such as tetanus toxin, cholera toxin B subunit bovine serum albumin, ovalbumin, or KLH. 

30 2.1 - Coupling of compounds having formula II. 

[0073] Compounds having formula il were coupled to a protein carrier by the mixed anhydride method or by using 
other coupling agents. 

The conjugation of compound (II) was achieved In 2 steps: Malelmlde were introduced by acylatlon of the protein 
35 carrier. The cross linking was achieved as previously described (Yoshitake and al., J Blochem, Tokyo, 1982; 92: 
1413-24) 

Example 3 

40 Preparation of murine monoclonal antibodies (mAbs) 
3.1 - immunization of mice 

[0074] Five BALB/c mice were immunized by intraperitoneal injection of 50 ^g of tetanus toxin (TT) conjugate to 
45 hapten 1 (TT-Met1 ). injections were performed at three to six week intervals, according to the schedule shown in Table 
1 below. The immunogen was mixed with complete or incomplete Freunds adjuvant at a 1:1 ratio (vol.:vo!.). Injection 
1 was performed in complete Freunds adjuvant (PC) whereas subsequent Injections were performed in incomplete 
Freunds adjuvant (IFC), Blood samples were collected from animals before the first injection and three to five days 
after each injection. 

50 

Table I 



Immunization Schedule 




Series TT-Met1 


Withdrawing TO 


Injection 1 : 
50 ^g FC, IP 


Week 12 



15 
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Table I (continued) 



Immunization Schedule 




Series TT-Metl 


Withdrawing TO 


Injection 2: 


Week 15 


50 IFC, IP 




Injection 3: 


Week 21 


50 jJtglFC, IP 




Injection 4: 


Week 24 


50 M-g IFC. IP 





[0075] The immunological response of the animals was monftored by ELISA perfomried with Bovine serum albumin 
(BSA) conjugate (BSA-Met1 ). Briefly, 50 of BSA-Met1 at 1 0 [ig/mL In 0.1 M carbonate buffer, pH 9.0, were applied 
to ELISA plates (Maxisorb, Nunc). After incubation for 1 H at 37'C and/or 1 BH at 4°C, plates were saturated by addition 
of 200 iiL of 1% gelatin dissolved in Tris saline buffer (TBS), pH 7.4, and Incubation for t to 2H at 37*»C. Fifty m.L of 
serially diluted animal seoim were incubated for 1 H at 37°C before washing with TBS containing 0.05% Tween 20 and 
further incubation with peroxidase labeled secondary antibody (peroxidase labeled rabbit JgG directed to mouse IgG; 
BioAtlantic, Nantes, France). Immunocomplexes were revealed by OPD staining. Titers were determined as the Inverse 
of the dilution giving an OD value immediately >0.2. D^a obtained with 5 mice (M30 to M34) are presented in Table 
II below. 



Table II 



Mouse Antibody Titers 


TT-Met1 




i^SO 


M31 


M32 


M33 


M34 


T1 


4000 


2000 


8000 


4000 


4000 


T2 


4000 


1000 


4000 


2000 


2000 


T3 


8000 


aooo 


16000 


16000 


16000 



[0076] Strong immunological responses were obtained in all mice. Mouse #34 was selected for preparation of mon- 
oclonal antibodies in hybrrdoma ceil culture. 

3.2 - Fusion with nnyeloma cells. 

[0077] Sp2/0-AG14 murine myeloma cells were used as fusion partner. Fusion was performed by the polyethylene 
glycol metiiod essentiafly according to LoiratJ^ 

3.3 - Selecdon of hybrldomas 

[0078] Hybridomas were initially selected by ELISA with plates coated with BSA-Metl . Hybridomas secreting anti- 
bodies that significantly bound to BSA-Met1 (OD>0.3) were amplified to produce 1 mL culture supernatants In 24 weil 
culture plates. Supernatants were again tested by ELISA to determine titers. Selected antibodies were then tested for 
determination of Isbtype and investigated by competition ELISA using meth amphetamine and ecstasy as inhibitors. 

3.4 - Competition test 

[0079] MethamphGtamine and ecstasy were each dissolved at 1 mg/mL in ion free water (Mflli Q quality) and tested 
at 0.1 and 0.01 mg/mL for inhibitory activity. The competition ELISA was performed as follows. Thirty ^^L of hybridoma 
supernatant was diluted In order to obtain an OD value in the range 0,7-1.0 (30 to 50% of maximum OD value) and 
incubated with 30 ^L of inhibitor for 1 H at 37^C. Fifty ^L of the mixture were added to microwells of ELISA plates coated 
with BSA-Metl, incubated for 1H at 37'='C. Plates were further treated as described in 3.1. inhibitory activity of meth- 
amphetamine and ecstasy was evaluated In percentage [1-(OD with inhibitor/OD without Inhlbftor)x100]. 
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3.5 - isotype determination was performed as described (Loirat et aL, 1992)."'^ 

3.6 ' Clonmg 

5 [0080] Hybridomas secreting antibodies Willi expected characteristics, le. OD value >1 .0, isotype: IgGI , lgG2a or 
lgG2b, inhibition >50% with meth amphetamine and ecstasy at 0.01 mg/mL, were cloned by JfmiMng dilution as described 
{Loirat et al., 1992). Hybridoma celfs were diluted in culture medium and distributed in 96 well culture plates so that 1 
or 0.5 cell was statistically disthbuted per well. Culture occurred for 8 to 12 days before screening as described in 3,3. 
[0081] Cloning was performed twice. Thirty-five secreting hybridomas and six ffnal clones {6DL2) were obtained. 

10 

3.7 - Characterization 

[0082] Characterization was performed on culture supematants produced in 50 mL culture flasks and or> purified 
antibodies obtained from ascitic fluids. Ascites were produced in BALB/c mice : animals were pretreated with pristane 
^5 for 14 daySf injected intraperltoneally with about 3 million hybridoma cells and ascites were collected 8 to 12 days after 
ceil injection. Purification of IgG was performed by affinity chromatography on Immobilized protein A; bound IgGs were 
eluted from the gef at pH 6.0 (IgGI) or pH 3.0 (lgG2b). 

Characterization involves : 

20 

[0083] 

Isotype determination; 
Determination of titer by ELISA and RIA ; 
25 - Determination of affinity and cross reactivity by RIA ; 

inhibition lest with a series of anaiogs (see Table 111 of results); 

Cross reactivity analysis with human blood celis and human plasma proteins. 

3.7.1 - RIA method: 

30 

[0084] Sample Titer is the dilution inverse of antibodies, which binds 50% of labeled metabolite present. 
[0085] Different antibody dilutions are incubated with a known quantity of tracer. After Incubation, tracer-antibody 
complexes-are precipitated and non-bound tracer quantity present in the supernatant is measured. 
[0086] Affinity is determined by testing the cross-reactivity between labeled and unlabeled metabolites. It is calculated 
35 according the method of Muller"'® 

[0087] Different dilutions of unlabeled metabolite are incubated with known tracer and antibody concentration. After 
incubation, the metabolite-antibody complexes are precipitated and non-bound tracer quantity present in supematant 
Is measured. 

Ka is calculated according by the following fomnuia : 

40 



(1-1 ,5b+0,5 bV(JC50-T} 

45 wherein, 

b = Ratio [(AT-r\IS)-free max]/(AT-NS), wherein (AT-NS) Is the maximai of labelled metabolite bound to the antibody. 
T: Total moi^ concentration of labelled metabolite. 

IC5Q - Concentration of unlabeled metabolite which inhibits 50% of the binding between antibody and tracer 

50 

[0088] Titers were detemiined with methamphetamine-3H(at a concentration of 1.8^ lO-^M) and ecstasy-^H (at a 
concentration of 7.6 IO^'IOM). Affinity is calculated with methamphetamine oxalate. 

3.7.2 Characteristics of selected murine monoclonal antibodies. 

55 

[0089] Two clones from fusion 243 performed at the Etablissement Fran^ais de Sang-Pays do la Loire (site de 
Nantes) were obtained after 2 limiting dilutions. They are Identified as DASIVI243-6H5D1 C4and DASM243^A1 0A6A2. 



17 

BNSDOCID:<EP. 1331219A1J_> 



EP1 331 219 A1 



3.7.3 - Isotypes, titers and affinity constants were determined by RIA and ELISA with purified mAbs. The results are 
presented in Table III below: 

[0090} 

5 



Table 111 



Characteristics of Selected Antibodies 


Antibody 


Isotype 


Titer 


IC50 (nmof/mL) 


Ka(M-1) 


DASM243- 


lgG2b 


128 


0.0144 


2.58E+0B 


6H5D1C4 










DASM243-A1 0A6A2 


igGi 


2.27 


0.468 


5.68E+C^ 



[0091] Cross reactivity with a series of methamphetamine analogs was determined by ELiSA. The results are pre- 
sented in Table IV below as % inhibition as compared with the antigen Metl . 



Table IV 



Cross reactivity with analogs 


INHIBITOR 


MW 


3A1 0A6A2 (%) 


6H5D1C4 (%) 


Hapten 1 (Metl) 


193 


100 


100 


Hapten 2 (Met2) 


353 


242 


686 


4-methoxymetamphetamine 


269 


6 


8 


4-methoxyamph etamine 


255 


79 


16 


Ephedrine 


165 


32 


26 


Methamphetamine 


239 


229 


68 


Ecstasy 


229 


209 


6 


4-methy Ith i oamphetam i ne 


271 


58 


100 


N-ethy lamphetami ne 


255 


54 


72 


Nor-ephedrine 


188 


2 


1 


3-hydroxytyramine 


190 


2 


1 


Epinephrine 


333 


3 


1 


3-hydroxy-4-methoxyphenetyialamine 


204 


2 


1 


Methyl pseudo ephedrine 


179 


38 


2 


Amphetamine 


255 


29 


1 



As shown In Table V both antibodies recognized methamphetamine and ecstasy 6H5DiC4 recognized both metham- 
phetamine and ecstasy but it recognized methamphetamine 10 times more than ecstasy. 

3.7.4 Cross reactivity with human blood cells 

[0092] Cross reactivity of the mice antibodies with human peripheral blood cells was investigated by flow cytometry. 
Fresh cells were used, collected from same-day blood specimens (or one day old for red and white cells, stored at 
4''centigrade) taken from healthy persons who did not take drugs. The results are presented below. The data are 
presented as mean fluorescence intensity. 



Table V 



Lack of cross-reactivity with human blood cells 


Sample 


Neg. control culture sup 


Positive control (*) 


3A10A6A2 


6H5D1C4 


Erythrocytes 


2.97 


76,24 


2.97 


2.80 


Lymphocytes 


8.87 


1302.93 


9.52 


9.28 



* Posilive controls: specific monoclonai ana>oc£es directed to erythrocytes (anti-Glycophoiin A), to wNle blood cells (anli-HLA Class I) and to ptateJets 
(antl-GPMIa). 
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Table V (contrnuod) 



1 aok of cross-reactivity with human biood c&Ws 


Sample 


Neg. control culture sup 


Positive control (*) 


3A10A6A2 


6H5D1C4 


Monocytes 


23,41 


1 59.02 


29.32 


23.38 


Granulocytes 


35.83 


346.49 


20.83 


19.38 


Platelets 


2.11 


230.73 


4.64 


3.98 



* PosiiJve controls: specific monoclonal arrtibocSes directed to erytlirocytes (anti-Glycophorin A>. to white blood cells (anti-Hi-A Class I) and to platelets 
(anfi-0»IJIa). 



[0093] These data demonstrate that the two monoclonal antibodies tested do not exhibit cross reactivity activity with 
human peripheral blood cells. 

y5 3.7.5 Cross reactivity with human plasma proteins. 

[0094] Cross reactivity of the aritibodles with human plasma proteins was investigated by western blotting as indi- 
cated in the legend of the Figure 4. 

20 3.7.5.1. Experimental: 

[0095] 1) Electrophoresis of plasma proteins solubllized in SDS accordingto Laemmli (1 970) in a 1 0% polyacrylamide 
gel ; 2) electrophoretic transfer to nitmcelJtilose sheet; 3) immunoblotting: membranes were saturated in 1% fat free 
milk, incubated with mAbs to methamphetamine (antibodies diluted 1/10) for 11-1 at RT, incubated with secondary an- 
25 tibodies (peroxidase labelled anti-mouse IgG), and detected using the ECL method (Amersham). The results are shown 
in Figure 4: Lanes 1 to 5: 1 ) 3A1 0A6A2; 2) 3A1 0E5E7; 3) antibody 6H5D1 C4: 4) antibody 6H5E1 G1 2; 5) culture medium 
(negative control). 

The immunoblotting analysis demonstrates that there is no significant cross reactivity with human plasma proteins. 
3Q Example 4 . 

Vaccine preparation 

[0096] Human vaccines comprising amphetamine- hapten conjugates conjugated to immunogens are prepared from 
55 compounds II or Ilia, illb by coupling the compound molecules to the B subunit of cholera toxin using the carbodiimide 
method described above. The preparations are dissolved in saline sotutron at a protein concentrations of 200 \iq of 
protein per mL, filter sterilized and stored at 4° C. 

Example 5 . 

40 

Immunization protocols 

[0097] Serum samples from human adult patients are taken immediately before immunization and approximately 
four weeks after Immunization to detemnine efficacy of the vaccination protocol. The patients are divided into groups 
45 that receive conjugate vaccines prepared with different amphetamine derivatives. The groups are similar with respect 
to gender, race, and age at the first dose of conjugate vaccination. To determine the optimum dose of coupled amphet- 
amine derivative: cholera B toxin subunit for ellcithg an antibody response, human adults are challenged with a single 
Intramuscular injection of the conjugate. The dose of conjugate ranges from 1 to 100 ^g of protein in 0.5. ml of saline 
solution. 

50 

Example 6 . 

Evaluation of immune response 

55 [0098] The purpose of this experiment is to evaluate conjugates prepared in as in Example 4 for their ability to induce 
an antibody response in humans. Anti-amphetamine or antj-amphetamine derivative antibody response also Is useful 
as a measure of both short and long-term vaccine efficacy, 

[0099] To determine antibody titer following vaccination with various protelniamphetamine derivatives, blood speci- 
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mens from vaccinated adults are analyzed by ELISA. The blood specimens include samples from each patient before 
(i.e., a negative control) and about tour weeks after vaccination. The ELISA is carried out by coating 96 wells polystyrene 
plates with 1 ^^g/well of amphetamine at 37=* C. tor 2 hrs. Non specific binding sites are blocked with 5% powdered milk 
in phosphate buffered saline (PBS) and 0.1% Tween 80 at 37'^ C. for 30 minutes. The plates are washed once with 

5 PBS and 0.1% Tween. Blood samples are tested at various dilutions (for example, 1:100, 1:1000 and 1:10000) by 
adding each dilution to the anligen-coaled plates in triplicate welis. After 2 hrs of incubation, the piates are washed 
three times with PBS and 0.1% Tween. One hundred |xl of horesradish peroxidase conjugated goat anti-human IgG 
(Boehringer-Mannheim Biochemicals), diluted 1 :250 to 1 ;1 000, are added per well. The plate is incubated at 37'' C. 
for 1 hr and washed three times with PBS and 0.1% Tween. Fifty of a 1:50 dilution of o-phenyi-diamlne In citrate 

10 buffer, pH 5.0, with 1 ^^l/mL of 30% H2O2 are added and incubated at room temperature for 20 minutes. The absorbance 
at 495 nm Is measured in each well and results are expressed as mean optical density of triplicate wells. 

Example 7 

^5 Active Immune Protection Against Amphetamine Toidcity 

[0100] The ability of amphetamine conjugate preparations to protect against the toxic effects of amphetamine and 
derivatives is demonstrated in an animal model by detemiinlng the lethal dose of each compound (expressed as the 
LD50) in immunized and non-immunized mouse populations. Mice are immunized with a single intramuscular injection 

20 of a conjugate preparation in a saline solution. The first Injection may be followed by a booster injection of the same 
conjugate. After vaccination, each of the mice are bled and serum antibody titers determined by an ELISA similar to 
that in Example 6, substituting anti-mouse antibodies-enzyme conjugates for anti-human antibody conjugates. Opti- 
mum conjugate concentration within each vaccine preparation is determined experimentally by ELISA. Once a effica- 
cious vaccine regimen Is established experimentally for each conjugate preparation, mice are separated into groups 

55 and vaccinated with the different conjugate preparations. An unvaccinated control group receives a saline control. 
Within each group, the mice are challenged with methamphetamine or its derivatives at various concentrations to 
detemntne the LD5Q for each preparation. Efficacious vaccine regimens protect the animals from at least one amphet- 
amine derivative by significantly increasing the LDg^ of at least one derivative within that group. Protection against 
multiple derivatives ps also determined exp^imentally; following vaccination against a single amphetamine derivative, 

50 protection from the toxic effects of other derivatives Is detemnlned by observing a significant increase in the LD^q after 
challenge with the different derivatives. The broadest protection, I.e., the active vaccines that provide protection against 
a wide range of amphet^ine derivatives Is used to Identify candidate preparations for use in human clinical trials. 

Example 8 

35 

Passive Im niu n e Protecti on Agai nst Amph etam in e Tox icity 

[0101] The ability of sera prepared from animals vaccinated with amphetamine conjugate preparations to protect 
against the toxic effects of arr^hetamine and derivatives is demonstrated in an mouse model. Rabbits are Immunized 

40 with a vaccine derivative that provides broad protection against various amphetamine derivatives determined with the 
procedure of Example 7. Four weeks after immunization, the antibody titer is detemnlned in the rabbits by the ELISA 
protocol of Example 6, substituting antt-rabbit antibodies-peroxidase conjugates for anti-human antibody peroxidase 
conjugates. The rabbits are bled and serum is separated from the whole blood, fllter-stertlized and stored at 4° C. Mice 
are separated Into groups and challenged with an LD50 of one amphetamine per group. Immedlatefy following challenge 

45 with amphetamine derivatives, the mice are administered rabbit serum by intravenous injection. The minimum protec- 
tive volume required to Increase significantly each LD50 is detenrtined experimentally. The efficacy of a protection 
protocol in inrmiunlzed and non-immunized mouse populations after challenge with an amphetamine derivative is de- 
termined by a slgnifrcant increase in the LDgo of each tested amphetamine derivative in any of the groups of mice. The 
broadest protection, I.e., the passive immunization that provides protection against the widest range of amphetamine 

50 derivatives, is used to identify candidate preparations for passive protection of humans in clinical trials. 

[0102] The above results show that antibodies specific for at least two amphetamines and/or amphetamine deriva- 
tives can be prepared using the compounds of the invention. 

[0103] All publications and patent applications mentioned in this specification are Indicative of the level of skill of 
those skilled in the art to which this invention pertains. All publications and patent applications are herein incorporated 
55 by reference to the same extent as if each Individual publication or patent application was specifically and individually 
Indicated to be incorporate by reference. 

[0104] The invention now having been fully described, it will be apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto without departing from the spirit or scope of the appended claims. 
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Claims 

1. An (S)-enantiomer compound having the formula (I): 



10 



15 




wherein: 

Ri and R3 are selected from the group consisting of hydrogen, and a alkyi; 

Ftg is selected from the group consisting of hydrogen, a -C3 alkyI and a polymethylene chain: (CH2)n-C00H 
wherein n is an integer between 1 and 6; 

R4, Rg and R7 aare the same or different and are sefected from the group consisting of hydrogen, a halogen, 
-OR9 and-SRg^ wherein R9 is hydrogen or a C^-C3 atkyj; and 

Rg isseJectedfrom the group consisting of hydrogen, a polymethylene chain: -(CH)m-Rio ^"'^ oxy-polymeth- 
-25 ylene chain : -0-(CH2)^-R^o, wherein -Rio "s selected from the group consisting of carboxyl, thiol, 

-QDNHR^sSH, and -GONHCHR^iSH, wherein R^g is selected from the group consisting of-CH(CO0H)CH2- 
and -(CIH2)n,-, wherein m is an integer between 1 and 4, with the proviso that when is hydrogen and Rg is 
a, methyl or when R^ is a methyl and is hydrogen, then R5 is not a polymethylene chain: -(CH2)j^-COOH. 

30 2. A compound having formula (II) 



R7 R1 



40 




wherein 

45 

n Is an integer between 1 and 6, 

R^ and R3 are selected from the group consisting of hydrogen, and C^^Cs alkyl; R4, and By are the same 
or different and are selected from the group consisting of hydrogen, a halogen. -OR9 and -SRg^ wherein Rg is 
hydrogen or a O^-O^ alkyl; and 
so Rsisselectedfromthegroupconsistingof hydrogen, apolymethylenechain: -(CH)^-R-,oand an oxy-polymeth- 

ylene chain : -0-(CH2)rn-^^^, wherein -R-^o "s selected from the group consisting of carboxyl, thiol, 
-CONHR^qSH, and -CONHCHR^^SH, wherein R^g is selected from the group consisting of>CH(COOH)CH2- 
and ■{CH2)m- wherein m is an integer between 1 and 4, with the proviso that when R^ is hydrogen and 
R2 is a methyl or when R^ is a methyl and Is hydrogen, then R5 is not a polymethylene chain: -(CH2)m-COOH, 

55 

3. The compound according to Claim 2, having fonnula (VI): 
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40 wherein ^ 



and R3 are selected from the group consisting of hydrogen, and C^-C3 alkyi; 
R2 is selected from the group consisting of hydrogen, a O^-C^ alkyi and a polymethylene chain: (CH2)n-COOH, 
wherein n is an integer between 1 and 6; 
45 R^, Rg and R7 are the same or different and are selected from the group consisting of hydrogen, a halogen. 

-OR9 and -SRg, wherein Rg is hydrogen or a C1-C3 alky!; and, 

R-,^ Is sejected from the group consfsting of a polymethylene chain: -(CHg)^^- and an oxy-poly methylene chain: 
-0(CH2)m-> wherein m is an Integer between 1 and 4, with the proviso that when is a methyl, then R^^ is 
not a polymethylene chain: -{CHalm-- 

50 

6. The compound according to Claim 5 having fomrrula (fV): 



55 
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7. A compound having formula (II lb) 



25 




wherein, 

and R3 are selected from the group consisting of hydrogen, and a CyC^ alkyf; 
R2 is selected from the group consisting of hydrogen, a C-j-Cg alkyi and a polymethylene chain: (CH2)n-COOH, 
wherein n is an integer between 1 and 6; 

Fl4» Re same or different and are selected from the group consisting of hydrogen, a halogen, -ORg 

and -SRg^ wherein Rg Is hydrogen or a C-^-Cg alkyI ; and 

R-J2 is selected from the group consisting of a polymethylene chain: 

{^^•^2)mC^ONHR^3 and an oxy-poly methylene chain: -0(CH2)^CONHCH-R-,3; 

wherein R^g is selected frmrt the group consisting of-CH(COOH)CH2- and -(CHg)^-, wherein m is an integer be- 
tween 1 and 4, with the proviso that when R^ Is hydrogen and Rg is a methyl or when is a methyl and R2 Is 
hydrogen, then R5 Is not a polymethylene chain: -(CH2)m'COOH. 

8. The compound according to Claim/ having formula (V): 



H 



50 



S5 
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9. A method for obt^ning a compound according to Claim 4^ said mettiod comprising the steps of: 

(a) alkylating a methamphetamine derivative having formula (IX) as shown In Figure 1 by addition of Br 
(CH2)^COOBn, wherein n is an integer between 1 and 6, whereby an addition product of formuia (X) as shown 

5 in Figure 1 is obtained ; and 

(b) hydrogenaling said addition product of formula (X), whereby a compound according to Cfaim 4 is obtained. 

10. A method for obtaining a compound according to Cfaim 5, said method comprfstng the steps of: 

(a) condensing a a compound of formula (XI) as shown in Figure 2, with CH3CH2-'N02 whereby a nitrostyrene 
derivative of formula (XII) as shown In Figure 2 is obtained; 

(b) reducing said nitrostyrene derivative (Xli), whereby an amphetamine derivative of formuia (XJl!) as shown 
in Figure 2 Is obtained; 

(c) alkylating the primaiy amine of said amphetamine derivative whereby a compound of fonnula (XIV) as 
shown in Figure 2 is obtained; 

(d) acyfating the amine group on said amphetamine derivative (XI II) or said compound of formula (XIV), where- 
by a protected derivative of a compound having formula (XV) as shown in Figure 2 is obtained; 

(e) hydrogenating said protected derivative (XV). whereby a compound having a formula (XVI) as shown In 
Figure 2 is obtained; 

20 (f) alkylating the phenol groups of said compound of formuia (XVI) witii benzylbromoalkylcarboxylate, whereby 

a benzylester compound of formula (XVIi) as shown in Figure 2 is obtained; 

(g) hydrogenating said benzylester compound of formula (XVII) whereby a carboxylic derivative of formula 
(XVNI) as shown in Figure 2 is obtained; 

(h) deprotectjng the amino group of said carboxylic acid derviatlve (XVill); and 

(i) separating the enantiomers so obtained, whereby compounds according to Claim 6 are obtained. 

11. The method according to Claim 10 steps (a) through (g) further comprising the steps of: 

(h) acylating (R)H-cys{Otrt)-NH2 witii said carboxylic derivative (XVill); 
30 (i) separating the resulting diastereo isomer mixture whereby an S-isomer having fonnula (XIX) as shown In 

Figure 2 is obtained; and 

(j) removing acld-sensitlve protecting groups from said S-isomer having formula {XIX), whereby a compound 
according to Claim 7 Is obtained. 

35 12. The method according to Claim 10 or Claim 11 , wherein said alkylating step (c) comprises: 

contacting said compound of fomrtula (XIII) with trifluoroacetic anhydride; alkylating the resulting trifluoroa- 
cetamide with an alkyl haiide; and removing the trifluoroacetyl group In basks medium. 

'to 13, The method according to Claim 1 0 or Claim 11 , wherein said alkylating step (c) comprises: 

contacting said compoiind of fomnula (XIII) with an acid anhydride to obtain an amide; and 
reducing said amide with lithium aluminium hydride. 

45 14. A method for obtaining a compound acconding to Claim S, said method comprising the steps of: 

(a) reducing a tyrosine ester derivative of a compound of formula (XXII) as shown in Figure 3. whereby an 
alcohol derivative of formula (XXII I) as shown In Figure 3 is obtained; 

(b) alkylating said alcohol derivative (XXIII) whereby a compound of formula (XXIV) as shown in Figure 3 is 
50 obtained; 

(c) hydrogenating said compound of fomiula (XXIV) whereby a phenol derivative of formula (XXV) as shown 
in Figure 3 is obtained; 

(d) contacting said phenyl derivative (XXV) with benzylbromoalkylcarboxylate whereby an ester derivative of 
fonmula (XXVI) as shown in Figure 3 is obtained; and 

55 (e) hydrogenating said ester derivative (XXVI) whereby a compound according to Claim 5 is obtained. 

15, An amphetamine-related Immunogen comprising: 
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a compound having formula (!) covalently conjugated to a carrier. 
16. An amphetamine-related immunogen 11 comprising: 
5 a compound having formula (II) covalentiy conjugated to a carrier. 



10 



15 




R4 

II 

20 

wherein p is an integer between 1 and 6; 

wherein and R3 are selected from the group consisting of hydrogen, and O^-C^ s^'^^'l 

R4, Rg and Ry are the same or different and are selected from the group consisting of hydrogen, a halogen, -OR9 

25 and -SR9 wherein R9 is hydrogen or a C1-C3 aikyl; and 

R5 is selected from the group consisting of hydrogen, a polymethylene chain: -(CH)^-R|q and an oxy-polymeth- 
yiene chain : -O"(CH2)m-Ri0! wherein -R^q is selected from the group consisting of carboxyl, thiol, -CONHR^gSH, 
and -CONHCHR^^SH, wherein R^3 is selected from the group consisting of-CH(COOH)CH2- and -{CHg)^,- and 
wherein m is an Integer between 1 and 4, with the proviso that when is hydrogen and R2 is a methyl or when 

30 R^ is a-methyl and is hydrogen, then R5 is not a polymethylene chain: -(CH2)n,-COOH. 

17, An amphetamine-related immunogen 12 comprising: 

a compound having formula (Ilia) covalently conjugated to a carrier, 

35 



40 



45 




12 

so wherein R-j and R3 are selected from the group consisting of hydrogen, and C-j-Cs alkyi; 

Rg is selected from the group consisting of hydrogen, a C1-C3 alkyI and a polymethylene chain: {CH2)n-COOH, 
wherein n Is an integer between 1 and 6; R4, Rg and R7 are the same or different and are selected from the group 
consisting of hydrogen, a halogen, -OR9 and -SR9 wherein Rg is hydrogen or a OyC^ aikyl; and, 
R^^ Is selected from the group consisting of a polymethylene chain: -{0^2^^- and an oxy-polymethylene chain: -O 

55 (CH2)m-. wherein m is an integer between 1 and 4, with the proviso that when R^ is a methyl, then R^^ Is not a 

polymethylene chain: -(CH2)m-- 

18, An amphetamirte-reJated immunogen 13 comprising: 
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a compound having formula (II lb) oovalently conjugated to a carrier, 



10 



15 



HS-R12 




13 



20 



25 



wherein and R3 are selected from the group consisting of hydrogen, and a C^-Cs alkyi; 

Rg fs selected from the group consisting of hydrogen, a C1-C3 alky! and a polymethylene chain: (CH2)n'COOH, 

wherem n is an integer between 1 and 6; 

R4, Rg and R7 are the same or different and are selected from the group consisting of hydrogen, a halogen. -OR^ 
and -SRg wherein Rg Is hydrogen or a C-1-C3 alkyI ; and 

R-t2 is selected from the group consisting of a polymethylene chain: 
(CH2)n,CONHR^a and an oxy-pofymethylene chain: -0(GH2)^CONHCH-R|3; 

wherein R^g Is selected from the group consisting of-CH(COOH)CH2- and -(CHg)^-* wherein m Is an Integer be- 
tween 1 and 4, with the proviso that when R^ is hydrogen and te a methyl or when R-, is a methyl and Rg is 
hydrogen, then R5 is not a polymethylene chain: -(CH^)^^. 



19. An amphetamine-related immunogen according to any one of Claims 15 to 18, wherein said carrier Is a protein 
selected from the group consisting of cholera toxin, tetanus toxin, bovine serum albumin, ovalbumin, KLH, or a 

3a peptidic fragment of any of the proterns In said group. 

20. The amphetamine-related rmmunogen TT-Met1 having the formula. 
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TOXOID TOXIN 
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50 



55 



21 . A pharmaceutical composition comprising: 

at least one amphetamine-related Immunogen according to Claim 15. 
22- A vaccine comprising at least one amphetamines-elated immunogens according to Claim 1 8 or Claim 20. 

23, Antibodies or fragments or chains of immunoglobuims having affinity for one or more amphetamine or derivative 
of amphetamine . 

24, The antibodies according to Claim 23, wherein said antibodies are monoclonal antfbodies. 

25, The antibodies according to Claim 23 or Claim 24, wherein said antibodies are neutralizing antibodies. 

26, The antibodies according to Ctaim 24, wherein said antibodies are capable of binding to at least two different 
amphetamines or amphetamines derivatives.. 
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27. The antibodies according to Claim 26, wlierein said at least two different amphetamines or amplietamine deriva- 
tives comprise meth amphetamine and ecstasy. 

28. A monoclonal antibody produced by hybridoma DASM243-6H5D1C4. 

5 

29. A monoclonal antibody produced by hybridoma DASM243-3A10A6A2. 

30. A composition comprising: 

a cell line producing a monoclonal antibody according to Claim 24, 

31. The composition according lo Claim 30, wherein said antibodies are murine antibodies. 

32. The murine hybridoma DASM243'645D1C4 having accession number CNCM 1-2750. 

15 

33- A cell line which produces monoclonal antibodies having the same antigenic specificity as that of monocional 
antibodies expressed by cell line DASM243-645Di C4. 

34. Monoclonal antibodies derived from a hybridoma according to Claim 33. 

35. An immunoglobulin fragment or chain derived from a monoclonal antibody having the binding specificity of a mon- 
oclonal antibody according to Claim 34. 

36. Monoclonal antibodies according to Claim 24, labelled with an agent capable of providing a detectable signal. 

37. An immunoglobulin fragment or chain according to Claim 35, labelled with an agent capable of providing a detect- 
able signal, 

38. A pharmaceutical composition comprising: 

at least one antibody according to Claim 23, capable of binding to one or more amphetamine derivatives. 

39. A compound according to any one of Claims 2 to 8, wherein said compound is the S-enantiomer. 

35 40. isolated nucleic acid encoding Ihe heavy and light chains of monoclonal antibody DASM243-645D1 C4 or 
DASM243-3A10ABA2. 

41. isolated nucleic acid encoding a polypeptide derived from monocional antibody DASM243-645D1C4 or 
DASM243-3A1 OABAa. 

42. The isolated nucielc acid according to Claim 44, wherein said polypeptide Is a light chain protein. 

43. The isolated nucleic acid according to Claim 43, wherein said nucleic acid is DMA. 

45 44, The isolated nucleic acid according to Claim 43. wherein 
said nucleic acid molecule is cDNA. 

45. An expression vector compiising: 

so nucleic acid according to Claim 43 operably linked to transcriptional and translatlonal regulatory regions. 

A host celt comprising: 
an expression vector accorciing to Claim 48. 

55 

46. The host cell according to Claim 49, wherein said cell is a eukaryotic ceil. 

47. A process for producing an immunoglobulin specific for at least two amphetamines or amphetamine derivatives 
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or an immunoiogically functional immunogtobulln fragment thereof comprising at least the variable domains of the 
heavy and light chains of said immunoglobulin, said method comprising: 

growing a host cell comprising expression vectors comprising nucleic acid encoding respectively the heavy 
and light chains of monoclonal antibody DASM243-645D1 C4 or DASM243-3A1 or functional fragments there- 
of, so that said nucleic acid is expressed, whereby said immunoglobulin Is obtained. 
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Figure I 
Synthesis compounds (TI) 



1- R-|— 'CHjj Rg— R^— Rg— Rg— Ry— H 




Bn = -CHaCgHg 



2a: Ri= -CH3, n=1, R3=R4=R5=R6=R7=H 
2b: R^= -CH3, n=5, R3=R4=R5=R6=R7=H 



(II) 




Nal 

Br(CH2)nCOOBn 



(CHg)n-COOBn 



Ha/Pd 




(CH2)n-COOH 



3a: Ri= -CH3. n=1. R3=R4=R5=R6=R7=H 
3b: Ri= -CH3, n=5. R3=R4=R5=R6=R7=H 
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Figure 2 
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Figure 3 





(XXII) fj j {XXIII) // "7 (XXIV) 

1.TsCI_ 
H c (b) " 




'3 

14a 16a 



(Ilia) 




163 

(c) 



COOBn Pd/C 
O (XXV!) OH 

1, CICOOCH2CCI3 

2. Zn, CH3COOH rf^^ BrCHsCOOCfiHs % 




(XXV) 



3, Hj Pd/C ^^S^ 



J, CH3 

3 17a 



13a m=1 18a 

R3=F 

Ri= -CH3 
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Figure 4 



1 2 3 4 5 




* degradatioa products from 



Lines 1 to 5: 

1) 3A10a6A2; 

2) 3A10E5E7; 

3) 6H5D1C4; 

4) 6H5E1G12; 

5) culture medium (negative control) , 
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